A Pubmed and Medline literature search using keywords and their variations of colorectal, rectal, colon, cancer, hepatic metastasis and mechanisms was performed. Since all the retrieved mechanisms could not be included in this review, the search was further refined by using terms in the multistep process of hepatic metastasis of CRC.
The initial search retrieved 2474 articles. Seven mechanisms were identified for the review by performing a highly selective search. They were based on the multistep process of hepatic metastasis, recently discovered pathophysiological and related molecular factors. These were, proteolytic enzymes, venous invasion, circulating tumour cells, evasion of host immune system, adhesion molecules, angiogenesis and tumour hypoxia
The search identified a wide range of molecular mechanisms contributing to the metastatic process of CRC to the liver. Their inclusion in this review was based on the authors' selection criteria with a high probability of selection bias. Nevertheless, an understanding of the complex molecular mechanisms of developing hepatic metastases would enhance the ability to treat patients in view of prevention of disease progression to liver and improving overall outcome.
A comprehensive analysis of all mechanisms is not possible due to the vast amount of published research. The focus of this review is to outline the important, most recent and most frequently studied mechanisms involved in the development of CRLM.
It is prudent to hypothesise that detachment of cells from the primary tumour is the initial step of the multistep process of distant metastasis. Proteolytic enzymes play a pivotal role in the degradation of extracellular matrix components and regulation of cellular functions by cleaving surface proteins, enabling many tumour cells to detach from their primary site and invade surrounding tissue and vessels. There are many classes of proteinases associated with the development of metastases including serine, cystine, aspartic and matrix metalloproteinases (MMP), whilst some studies suggest the latter exerts a more dominant role [5] . The most studied proteinases in relation to formation of CRLM are MMP7 and uPA. MMP7 is the smallest in this group. It is implicated as the most important proteinase since it is over expressed in a majority of CRCs and its expression is associated with hepatic metastases [6] . Urokinase Plasminogen Activator (uPA) is a serine protease activated by the uPA receptor (uPAR). Activated uPA converts plasminogen into plasmin. This mediates extracellular matrix degradation and activation of pro MMPs located in the extracellular space. Whilst, high uPAR expression in CRC expression has been correlated with decreased 5 year survival [7] , experimental data provides evidence for its role in the development of hepatic metastases [8] .
This is an important prognostic indicator in colorectal cancer and is associated with an increased risk of visceral metastasis and reduced overall survival [9] . Approximately 55% of all CRCs show histological evidence of venous invasion. However, in the cohort of CRCs with synchronous liver metastases, the rate of venous invasion is increased to 90% [10] . This data is in keeping with the results of Mori et al. who reported venous invasion in 91% and 95% of CRCs with synchronous and metachronous liver metastases respectively, compared to 44.2% in those with no metastases [11] .
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Tumour dissemination through the circulation is an essential step in the development of CRLM. In a recent meta-analysis, metachronous hepatic metastases were significantly higher (21%) in patients with CRC who had circulating cancer cells at the time of resection, compared to those who did not [12] . Hence, circulating tumour cells could be used as a prognostic marker and probably an aid to plan adjuvant therapy for colorectal cancer patients. It may be more important in stage I and II colorectal cancer where the role adjuvant chemotherapy is less defined. The contribution of surgical handling in tumour metastasis via the portal circulation has been a much debated topic. This is important in planning surgical resection of the primary cancer. The 'no touch isolation' technique, in which lymphovascular ligation is performed before manipulation of the primary CRC was proposed by Barnes in 1952 [13] , and an early proponent of this was Turnbull et al. [14] . However, their results have been refuted by prospective trials in the past. With the advancement of newer molecular biology techniques, researchers have revisited this concept. Atkin et al. reported a trend towards reduced tumour cell dissemination for the no touch isolation technique but failed to determine its clinical significance [15] . Nevertheless, the 'no touch' technique could be recommended during the resection of the primary tumour whenever possible.
Normal cells as opposed to tumour cells are typically susceptible to the host immune system or undergo apoptosis in an anchorage independent environment and away from the primary site. There are many molecular factors that provide colorectal cancer cells the ability to survive in circulation and in the hepatic environment. The ability of colon cancer cells to survive in an anchorage free environment and form hepatic metastases is facilitated by MMP7 (Matrilysin), which induces an E-cadherin mediated aggregation process [6] . Metastasised CRC also has the ability to evade hepatic Natural Killer (NK) cell destruction by differential expression or non expression of receptors and decoys. Deficiencies of the host immune defence mechanism are also known to increase th FN with an anti metastatic effect on many human cancers and has been shown to play an important role in gene expression necessary to prevent hepatic metastasis in e incidence of hepatic metastasis of CRC. Interferon β (I β) is a cytokine CRC cells [16] . Development of CRLM also resistance of the primary CRC to IFN .
Viability of many tissues including cancers is dependent on cell adhesion. Disruption of cell adhesions is a preliminary step in tumour dissemination. Promotion and maintenance of these adhesions are important processes in the development of metastatic lesions. Multiple cell adhesion molecules (CAM) play an important role in detachment of metastatic cells from the primary carcinoma and attachment to distant site. Whilst CAMs are down regulated in the former case, in the latter, cell surface molecules mediate tumour-host attachment [17] . Angiogenesis is crucial for the outgrowth of the primary cancer and this becomes a source of haematogenous spread. It is also important in the establishment and progression of CRLM. Diffusion of oxygen alone becomes inadequate in maintaining the viability of tumours that are more than 1 -2 mm in diameter. The main factor stimulating angiogenesis in tumours is Vascular Endothelial Growth Factor (VEGF). It acts directly on the endothelial cells as a mitogen to induce cell migration, proliferation, is linked to the lack of IFN β in the patient and β
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Angiogenesis invasion and increased cell permeability [19] . Increased VEGF in the primary is associated with poor prognosis and it has been found to be important in the formation of hepatic metastasis [20] . Interestingly a few studies have shown VEGF to be up-regulated in the primary whilst down-regulated in hepatic metastasis [21] . Although not precisely known, this may be due to intra-tumoral hypoxia of the primary, which is believed to be abolished in metastases within the highly vascularised liver parenchyma. However, hypoxia in CRLM has not been studied adequately.
Hypoxia is a common phenomenon in solid tumours and is known to cause more malignant phenotypes [22] . It occurs when the oxygen demand of the tumour exceeds the supply from its vasculature. Aberrant blood vessel formation, fluctuations in blood flow and increasing demand from rapid tumour expansion have been implicated in the occurrence of areas of hypoxia within tumours. h e in cellular adaptation to hypoxia in solid tumours by stimulating angiogenesis and glycolysis [23] . There is a statistically significant correlation n colorectal cancer [24] . Rajaganeshan et al reported an increased incidence of metachronous liver metastases when the primary CRC had up-regulation of [25] . Blocking pathways may be a future therapeutic option not only to reduce the metastatic potential but also as a modality to reduce the aggressiveness of primary colorectal cancer.
Development of hepatic metastases is a significant hallmark of disease progression and an ominous event in the natural history of colorectal cancer. Despite having a curative resection, a significant proportion of patients continue to develop hepatic metastasis. The unique anatomy of the splanchnic circulation has enabled clinicians to focus surveillance and predict sites of metastasis. However, with advances in molecular biology techniques, new mechanisms of metastasis have been discovered clarifying the series of events occurring in the progression of CRC. These
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Conclusion
Tumour cells subjected to hypoxia undergo a series of modifications enabling their survival and proliferation through activation of several genes. This is primarily achieved through activation of ypoxia-inducible factor -1α (HIF-1α) which plays a key rol between HIF-1α expression and tumour invasion, lymphatic invasion, venous invasion and liver metastasis i HIF-1α HIF-1α novel tools in future help clinicians detect primary tumours with a high metastatic index and may expand the criteria for existing adjuvant treatment regimens. Targeting specific molecular pathways is the basis of most chemotherapeutic agents. With the advancement of molecular technologies elucidating the mechanism of hepatic metastasis more treatment options would be available. Hence understanding this intricate process would lead to better prognostication, detection and treatment strategies leading to increased survival of patients with CRC.
This review looks at some of the most frequently studied molecular mechanisms of hepatic metastasis of CRC and attempts to give some insight into a complex process.
